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量达到0.75mol%, 1.5mol% and 3.0mol% 的Fe3O4样品，循环300圈后，保持率仍






































Modification of Li-rich material Li[Li0.2Ni0.16Co0.08Mn0.56]O2 
for lithium-ion batteries 
With the growing demand for portable electronic products and electric vehicle 
mobile devices, Lithium-ion batteries have attracted a wide attention among people. 
Due to its high specific capacity, good thermal stability, low cost and environmental 
friendly character etc, recently the lithium-rich cathode material 
xLi[Li1/3Mn2/3]O2·(1-x)LiMn0.4Ni0.4Co0.2O2 has become one of the alternative 
materials for lithium cobalt oxides. In this article, Lithium enriched material, 
Li[Li0.2Ni0.16Co0.08Mn0.56]O2 （x = 0.5）has been intensively investigated. With the aim 
to enhance and improve the electrochemical performance of the cathode material, 
doping, surface coating, acid treatment technology together with the relationship 
between material structure and electrochemical performance have been investigated 
profoundly and systematically. 
Owing to its simple preparation, short synthetic cycle and uniform output, the 
coprecipitation method was widely employed in this paper. In order to improve the 
electrochemical properties of lithium enriched material Li[Li0.2Ni0.16Co0.08Mn0.56]O2, 
we adopted Al element doping technology. Compared with pristine material, after 
aluminium element doping, the highest specific capacity of 4mol% Al-doped material 
was close to the bare one, approximately 210 mAh/g, under room temperature at 180 
mA g-1. After 100 cycles, however, the capacity retention of 4 mol% Al-doped 
material remains 83.7%, while the bare one fade to 74.5%. Powder XRD results 
shows no impurity peak was observed in aluminum-doped samples, indicating that 
aluminium doping did not cause the generation of new phase. SEM and TEM 
characterization showed that morphology has no obvious change before and after 















the peaks of metal oxide are blue shifted, demonstrating metallic bonding related to 
structural stability are enhanced by Al doping. In order to study the mechanism of the 
improvement, ex-situ XRD was used in experiment. The result indicates the 
non-crystallization degree of electrode reduced after doping, therefore, Aluminum 
doping stabilized the lattice and promoted the electrochemical performance. 
 This paper adopted the ferroferric oxide surface coating technology to modify the 
property of Li[Li0.2Ni0.16Co0.08Mn0.56]O2 material. The pristine and Fe3O4-related 
compounds are characterized by X-ray diffraction, scanning electronmicroscopy, 
transmission electron microscopy, X-ray photoelectron spectroscopy. Powder samples 
of XPS, XRD, TEM and SEM shows the ferroferric oxide particles adhered on the 
surface of the bare sample. CV curve results show that ferroferric oxide coating 
improves the first charge and discharge efficiency and reduces side reaction during 
oxygen evolution process. In room temperature, when cycled at 90mA g-1 (0.5 C-rate), 
1.5 mol% Fe3O4-coated Li[Li0.2Ni0.16Co0.08Mn0.56]O2 electrode exhibits an attractive 
electrochemical performance, as the capacity retention is as high as 82% even after 
300 cycles, while less than 55% for pristine material. Moreover, the electrochemical 
performance is also improved at elevated temperature (65 ℃). Es-situ XPS results 
shows that The coated material suppressed in oxidation of electrolyte during high 
potential on electrode surface, which contributes to high stabilized performance of 
cathode material for lithium ion batteries (LIBs). 
 Acid treatment technology was also employed in this article for tentative 
exploration. We found that acid treatment followed by sintering can promote the 
cyclic stability as well as the median voltage. However, mechanism of action remains 
to be further explored. 
 























































图 1-1 锂离子电池的工作原理示意图[7] 
以层状材料（LiCoO2）为例，锂离子电池的化学反应表达式[9]为： 
（-）Cn｜1mol•L-1LiPF6-EC+DEC｜LiCoO2(+) 
其中正极反应为 LiMO2 =Li1-xMO2 + xLi
+ + xe 
负极反应为 nC + xLi+ + xe = LixCn 
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